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[57] ABSTRACT

An mput data processor selects a value indicated by
change border data, and uses this value as a reference
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value for determining whether a predetermined process
1s effected, and to change the currently used value indi-
cated by the change border data to another value when
the value of the input data becomes equal to a predeter-
mined value. Namely, when the value of the input data
1s 1n the vicinity of a specific value, the detection of a
change of the input data can be effected by using a
resolution smaller than another resolution used for the
detection when the value of the input data is not in the
vicinity of the specific value. Detection of a change of
the input data can be efficiently performed. Further, the
apparatus for processing input data may convert the
input data into conversion input data so that the rate of
a change in the value of the conversion input data in the
vicinity of a specific value of the input data is larger or
smaller than that of a change in value of the conversion
input data corresponding to other input data having
values which are not in the vicinity of the specific value.
Thus, when the value of the input data is equal to a
specific value, the rate of a change of the input data is
increased or decreased. Thus, small or large resolution,
can be used when the input data becomes equal to the
specific value.

34 Claims, 14 Drawihg Sheets
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APPARATUS AND A METHOD FOR CHANGING A
RESOLUTION VALUE OF INPUT MUSICAL DATA

This application is a continuation, of application Ser.
No. 07/539,353 filed on Jun. 6, 1990 now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to an apparatus for
processing input data (hereunder referred to as an input
data processor), and more particularly, to an input data
processor for use in an electronic musical instrument
and which performs a predetermined processing of
input data when a quantity of a change of input data
exceeds a predetermined threshold value indicated by
another preliminarily input parameter (hereunder re-
ferred to as change border data).

2. Description of the Related Art |

A conventional input data processor for use in an
electronic music instrument is applied, for example, to a
pitch bender in which a sliding contact of a variable
resistor is connected to a rotary bending lever or a
bending wheel, and a constant voltage is applied across
the vanable resistor. Namely, when the bending lever
or the bending wheel is moved, a contact position to
which the sliding contact is connected is changed, and
as a result, a fraction of the constant voltage obtained
from the sliding contact is also changed. Thereafter, an

analog signal indicating the thus-obtained fraction of 30

the constant voltage (i.e., analog input data) is con-
verted into a digital signal, and a pitch of a musical tone
sounded by the electronic musical .instrument is
changed by the input data processor according to a
quantity of a change of the digital input data indicated
by the digital signal.

Such an input data processor is also applied to a mod-
ulation wheel, an expression foot pedal, a balance con-
troller, a Pan Pot controller, a volume controller, a
tempo controller, a system for sensing a touch on a key
of a keyboard, and a system for detecting an effect
depth, etc., in addition to the pitch bender.

Nevertheless, in the conventional input data proces-
sor, a resolution of a detection of a change of the input
data (i.e., a minimum unit to be used for representing a
quantity of a change of the input data to be detected)
always has a fixed value; i.e., the resolution is not
changed regardiess of the value of the input data. Note,
however, that in practice, the detection of a change of

a value of the input data for some range of values of the 50

imnput data, should be performed with high precision
(1.., with a small resolution), but for another range of
values of the input data, the detection may be effected
with a low precision (i.e., with a large resolution). For
example, in the case of the pitch bender, by which the
pitch of a musical tone to be sounded by the electronic
musical instrument is made higher or lower than that
preliminanly indicated by an operator or user, the de-
tection of a change of the input data in the vicinity of

the preliminarily indicated pitch must be made with a 60

small resolution. Conversely, in ranges of pitches suffi-
ciently distant from the preliminarily indicated pitch,
the detection may be effected with a large resolution.
In such a case, if the resolution is not changed regard-
less of the value of the input data, the small resolution
used for the detection in the vicinity of the preliminarily
indicated pitch, is naturally employed and thus even in
the ranges of pitches sufficiently distant from the pre-
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2
liminanly indicated pitch, the detection is effected with
the small resolution. Accordingly, an efficient detection
of a change of the input data cannot be achieved with
the conventional input data processor.

The present invention is intended to eliminate the
foregoing drawback of the prior art, and accordingly,
an object of the present invention is to provide an appa-
ratus for processing input data, which apparatus can
efficiently detect a change of the input data by changing
the resolution of the detection according to the value of
the input data.

SUMMARY OF THE INVENTION

To achieve the foregoing object, and in accordance
with a first aspect of the present invention, there is
provided an input data processor which calculates the
quantity of a change of the input data, compares the
calculated quantity of the change of the input data with
change border data, and then performs a predetermined
process. The input data processor is able to generate
change border data indicating a plurality of values, and
to change the current value of the change border data to
another value thereof when the value of the input data
becomes equal to a predetermined specific value.

Therefore, 1in the input data processor according to
the first aspect of the present invention, a value of the
change border data, which is used as a reference value
for determining whether or not the predetermined pro-
cess has been effected, is changed to another value
thereof when the input data has a specific value. There-
fore, when the value of the input data is in the vicinity
of a specific value, the detection of a change of the input
data can be effected by using a resolution smaller than
another resolution used for the detection when the
value of the input data is not in the vicinity of the spe-
cific value, and thus the detection of a change of the
input data can be efficiently performed. Note, it is obvi-
ous that, when the value of the input data is in the vicin-
ity of a specific value, the detection can be effected by
using a resolution larger than another resolution used
for the detection when the value of the input data is not
in the vicinity of the specific value.

Further, in accordance with a second aspect of the
present invention, there is provided an input data pro-
cessor wherein input data is converted into conversion
input data such that the rate of a change in the value of
the conversion input data corresponding to that in only
the vicinity of a specific value of the input data is larger
or smaller than that of a change in value of the conver-
sion input data corresponding to the input data having a
value not in the vicinity of the specific value. Further, in
the input data processor, old conversion input data is
compared with new conversion input data and then,
based on the results of the comparison, a predetermined
process is carried out corresponding to the change of
the conversion input data.

Therefore, when the value of the input data is equal
to a specific value, the input data is converted in such a
manner that the change of the input data is increased or
decreased, and thus a small or large resolution, as used
for the detection of a change of the input data, can be
used when the input data becomes equal to the specific
value. Note, a plurality of values or values within a
certain range can be employed as the reference values
when determining whether or not the predetermined

process is to be effected.

Further scope of applicability of the present inven-
tion will become apparent from the detailed description
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given hereinafter. However, it should be understood
that the detailed description and specific examples,
while indicating preferred embodiments of the inven-
tion, are given by way of illustration only, since various
changes and modifications within the spirit and scope of
the invention will become apparent to those skilled in
the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features, objects and advantages of the present
invention will become apparent from the following
description of preferred embodiments, with reference to
the drawings which are given by way of illustration
only and thus are not hmitative of the present invention,
and in which like reference characters designate like or
corresponding parts throughout several views, and in
which:

FIG. 1 is a schematic block diagram showing the
construction of a circuit for detecting a change of input
data;

FIG. 2 is a schematic block diagram showing the
whole construction of an electronic musical instrument
employing the circuit of FIG. 1;

FIG. 3 is a diagram illustrating the relationship be-
tween the input data, which is an output of each of the
volume control devices provided in the electronic musi-
cal instrument, and a resolution to be used for detecting
a change of the input data,;

FIG. 4 1s a diagram showing a change of the resolu-
tion to be used for detecting a change of the input data
ID;

FIG. § i1s a schematic block diagram illustrating the
construction of a second embodiment of the present
invention;

FIGS. 6A and 6B are graphs illustrating a conversion
of input data by a data converter of the second embodi-
ment of FIG. §;

FI1G. 7 1s a schematic block diagram illustrating the
construction of a third embodiment of the present in-
vention;

FIG. 8 is a schematic block diagram showing the
construction of a fourth embodiment of the present
invention:

FI1G. 9 is a flowchart of a program used for the pro-
cess of fetching the input data ID performed by the
CPU 31;

FIG. 10 is a flowchart illustrating in detail the practi-
cal routine of the process of detecting a change of the
input data, as performed in step 3 of FIG. 9;

FIG. 11 is a flowchart of an alternative process per-
formed instead of steps S11 to S14 of FIG. 10 when the
resolution to be used for the detection of a change of the
input data has three levels;

FIG. 12 is a flowchart illustrating an operation of a
fifth embodiment of the present invention;

FI1G. 13 is a schematic block diagram showing the
construction of a sixth embodiment of the present in-
vention;

FIG. 14 is a flowchart of a program used to detect a
change of conversion input data CID, in the sixth em-
bodiment of FIG. 13; and

FIG. 15 is a flowchart of another program obtained
by modifying the program illustrated in FIG. 14.
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4

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, the preferred embodiments of the pres-
ent invention will be described in detail with reference
to the accompanying drawings.

Referring now to FIGS. 1 through 4, a first embodi-
ment will be described in detail.

FIG. 3 illustrates the relationship between an input
data ID, which is an output of each of volume control
devices Vi, V3, ... V,, and a resolution to be used for
detecting a change of the input data ID. As shown in

FIG. 3, the input data ID is digital data having value in

the range of from OOg to FFg. Note, in this specifica-
tion, a subscript g refers to hexadecimal and denotes
that a numerical value having the subscript g written at
the right side there of, is a hexadecimal value. In the
first embodiment, where the outputs of the volume
control devices Vi, V3, . .. V, are in the vicinities of
OOpgand FFg(indicated by white circles in FIG. 3), the
resolution is set to be small. In addition, the resolution is
also set to be small only where the output of the volume
control device V3 is in the vicinity of 80y. Further, as
can be seen from FIG. 4, the change border data CB,
which is used to determine the value of the resolution,
becomes small only when the value of the output of the
volume control device V3 changes toward 80y (e.g., at
the time t7), whereby a change of the input data ID is
detected with high precision.

Note, FIG. 1 is a schematic block diagram showing
the construction of a circuit for detecting a change of
the input data ID (hereunder referred to as a processing
control circuit), and FIG. 2 is a schematic block dia-
gram showing the whole construction of an electronic
musical instrument employing the process control cir-
cuit of FIG. 1.

Each of the volume control devices Vi, Vy, ... V,
shown in FIG. 2 is used as, e.g., a pitch bender, 2 modu-
lation wheel, etc., and may be of any type (e.g., a rotary
wheel type, a rotary lever type, a sliding lever type, or
a rotary knob type). Further, each of the wheels, levers,
etc., of the volume control devices is connected to a
contact of a variable resistor, to which a constant volt-
age is applied. A fraction of the constant voltage ob-
tained from the sliding contact is changed by operating
the wheels, levers, etc., of the volume control devices.

The fraction of the constant voltage is represented by
analog input data output from each of the volume con-
trol devices to an analog-to-digital (A/D) converter 2,
through a multiplexer 1. The A/D converter 2 converts
the analog input data to digital input data ID, in a time-
sharing manner, and then outputs the digital input data
ID to a process control circuit 3, whereupon a predeter-
mined process of changing a musical tone, as described
in detail later, 1s performed in accordance with the
digital input data ID. On the other hand, information
indicating a pitch, timbre, etc., of the musical tone is
input by operating keys and/or switches of a keyboard
4, and further, a vacant channel is assigned by a key/-
switch assigner 8§ to the musical tone corresponding to
the operated key or switch of the keyboard 4. More-
over, data representing the pitch of the musical tone
(hereunder referred to as pitch data) and data represent-
ing the timbre of the musical tone (hereunder referred
to as timbre data) are output from the key/switch as-
signer 8 to the process control circuit 3, whereupon the
process of changing the pitch data and the timbre data
is performed in accordance with the digital input data
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ID. Thereafter, the thus-changed pitch and timbre data
are output from the circuit 3 to a tone generator 6,
which then generates a musical tone signal representing
a musical tone indicated by the changed pitch and tim-
bre data. Then, the musical tone signal is output from
the tone generator 6, through a digital-to-analog (D/A)
converter 7, to a musical sound radiating system 8
which radiates the musical tone or sound indicated by
the musical tone signal.

Further, selection data SL to be used in the multi-
plexer 1 is represented by using a number of bits which
is equal to an integer obtained by rounding up a portion
after the decimal point of the value of the term logsn,
where n denotes the number of the volume control

devices Vi, V), ... V,. The respective bits of the selec-
tion data SL are indicated by a master clock pulse used
for synchronizing all of the components of the elec-
tronic musical instrument (hereunder referred to as the
system) and clock pulses having periods which are 2, 4,
§ . .. tmes the period of the master clock pulse, respec-
tively.

FIG. 1 illustrates a part of the process control circuit
3

As shown in FIG. 1, the input data ID is first input
from the A/D converter 2 to a device 11 for detecting
a quantity of a change of the input data (hereunder
referred to as a change quantity detector 11) as new

mput data IDn. Then, a quantity of a change from old

mput data IDo, output from a buffer memory 12 to the
change quantity detector 11, to the new input data IDn

1s detected by the detector 11. Further, the change

quantity detector 11 outputs change quantity data CV
representing the thus-found quantity of change, to a
change quantity comparator 13. In this embodiment, the
change quantity detector 11 is comprised of a sub-
tracter, a group of exclusive-OR gates, and an adder.
The group of exclusive-OR gates is provided in an out-
put stage of the subtracter and is used to invert the sign
of the change quantity data CVD when the data CVD
1s negative. Namely, the most significant bit (MSB) of
an output of the subtracter is output to each exclusive-
OR gate, whereby the sign of the data is inverted. Fur-
ther, 1 is added to the inverted data by the adder by
inputting the MSB to a Cin-terminal thereof.

‘The change border data CB is output to the change
quantity comparator 13 from a change border data
memory 15 or 16, through a 2-input selector 14, and the
change border data CB is compared with the change
quantity data CV, by the comparator 13. If the data CV
is larger than or equal to the data CB, a change event
signal CI 1s output from the comparator 13 to both the
buffer memory 12 and a musical tone control circuit 17.
The change event signal CI represents a logical sum of
data indicatec by a detection signal output from the
comparator 13 when the data CV is greater than the
data CB and data indicated by a detection signal output
therefrom when the data CV is equal to the data CB.

Further, the new input data IDn is input to the buffer
memory 12 from the A/D converter 2, the buffer mem-
ory 12 stores the new input data IDn when the change
event signal CI is also input thereto, and thereafter, the
buffer memory 12 outputs the stored data as the old
mput data IDo. On the other hand, both the pitch data
and timbre data from the key/switch assigner § and the
new tnput data IDn from the A/D converter 2 are input
to the musical tone control circuit 17. When the change

event signal CI 1s also input to the circuit 17, the pitch

and tone data are changed in accordance with the new
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6

input data IDn. In particular, the changing of the pitch
data 1s performed by, e.g., adding phase angle step data,
which corresponds to the pitch data, thereto or sub-
tracting the phase angle step data therefrom. This phase
angle step data may be stored in, e.g., a storage area of
2 memory provided in the circuit 17.

The change border data memories 15 and 16 are com-
posed of registers, and when the power is turned on,
two kinds of change border data CB are read from a
read-only memory (ROM) 19 and then set in the change
border data memories 15 and 16. As described above,
the change border data CB is used to determine the
value of the resolution to be used for detecting a change
of the input data (i.e.,, a minimum unit to be used for
representing a quantity of a change of the input data to
be detected). When the data CV indicating the quantity
of a change from the old input data IDo to the new
input data IDn is greater than or equal to the change
border data CB, the system determines that the input
data has changed, and performs the predetermined pro-
cess corresponding to the change of the input data.
Note, the change border data CB may be read from the
ROM 19 in accordance with at least one of the pitches
selected by operating the keys or switches of the key-
board 4, and then written to the memories 15 and 16. In
this case, the change border data CB corresponding
respectively to the volume control devices Vi, V3, . ..
V) 1s stored in the memories 15 and 16. Furthermore,

data equivalent to the selection data SL. may be input to
the memories 1§ and 16 as reading address data.

Further, one kind of the change border data CB has a
value of 2y and is set in the memory 15, but the other
kind of the change border data CB has a smaller value
of 1y and is set in the memory 16. The detection of
change of the input data ID is usually effected by using
the data CB, having a value equal to 24, but is per-
formed by using the data CB, having a value equal to
1)y where the input data ID has a specific value. As
described above, the specific value indicated by specific
value data SD is equal to 80z in the case of the volume
control device V3, which is a pitch bender. A central
processing unit (CPU) 18 performs various processes
for controlling the musical tone control circuit 17, and

further, various data for intermediate processes are

stored in a random access memory (RAM) 20.

A specific value data memory 21 is made up of a
ROM and stores the specific value data SD correspond-
ing to the input data ID output from each of the volume
control devices Vi, Va, ... V,in storage areas to which
a unique address is assigned, respectively. Further, data
incremented at a speed which is four times the speed at
which the selection data SL used in the multiplexer 1 is
incremented, is used as reading address data indicating
an address of an storage area of the memory 21 in which
data to be read 1s stored. Moreover, a channel synchro-
nization between an operation of inputting the input
data ID from each of the volume control devices Vi,
V2, . . . V,to the processing control circuit 3 in the
time-sharing manner and an operation of reading the
specific value data SD corresponding to each of the
devices Vi, V3, ... V, from the memory 21 is carried
out by using the master clock pulse signal and other
clock pulse signals having periods which are %, 3, 2, 4
and 8 . .. times that of the master clock pulse signal,
respectively. In this case, the data SD indicating OOpg
and that indicating FF g are respectively read from the
memory 21 twice in each period of time (hereunder
referred to as a channel time) during which a channel is
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used for the processing of a detection of a change of the
input data ID from one of the volume control devices
other than the device V3. Note, in a channel time during
which a channel is used for the processing of a detection
of a change of the input data ID from the volume con-
trol device V3, the data SD indicating OOy and that
indicating FFy are respectively read from the memory
21 once, and the data SD indicating 80y is read there-
from twice.

The specific value data SD thus read from the mem-
ory 21 is output to a specific value comparator 22,
where the data SD is compared with the input data ID.
If the data SD is equal to the input data ID, a coinci-
dence signal is output from the comparator 21 to the
selector 14 as a selection switching signal, and thus the
change border data CB input to the change quantity
comparator 13 is changed from 2y, which was output
from the change border data memory 15,to 1y, which
was output from the change border data memory 16,
and accordingly the detection of a change of the input
data ID i1s performed with a small resolution.

Note, when the resolution is made smaller, the plural-
ity of specific values indicated by the data SD is not
always required, and only one specific value may be
used for the detection of a change of the input data SD
corresponding to each of the volume control devices
Vi, Va, ...V, In this case, the speed at which the
reading address data used for reading the data from the
specific data memory 21 is incremented is lowered so
that only one specific value data SD is read from the
memory 21 in a channel time.

- Further, the specific values data SD may be data
indicating a fixed range of values of the input data, e.g.,
from 704 to 904. In this case, the values 70 and 90 are
read from the memory 21 in parallel with each other,
and then output to two specific value comparators 22
provided in the process control circuit 3. Subsequently,
one of the comparators 22 determines whether or not
the value indicated by the input data ID is greater than
705, and outputs a detection signal (hereunder referred
to as a first detection signal) if that value is greater than
70y4. The other of the comparators 22 determines
whether or not the value indicated by the data ID is less
than 90y, and outputs another detection signal (hereun-
der referred to as a second detection signal) if that value
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1s less than 90y. Thereafter, a signal representing a logi-

cal sum of data indicated by the first and second detec-
tion signals is input to the selector 14 as the selection
switching signal.

Furthermore, the specific value data memory 21 may
be adapted to output all of the specific value data SD
corresponding to a different one of the volume control
devices Vi, V3, ...V, in parallel at one time. To this
end, a number of the specific value comparators 22
which 1s equal to the number of volume control devices
may be provided in the process control circuit 3, and
used to perform the comparison of the value indicated
by the input data ID and the specific data SD. In this
case, the coincidence signal is output from each of the
volume control devices to the selector 14 through an
OR gate. In addition, the specific data memory 21 may
be made up of a RAM, and in this case, when the power
1s turned on, the data SD corresponding to each of the
volume control devices is read by the CPU 18 from the
ROM 19 and then written to the corresponding storage
area of the memory 21. Alternatively, in accordance
with data representing one of the timbres indicated by
operating the keys/switches of the keyboard 4, the data
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SD corresponding to each of the volume control de-
vices is similarly read by the CPU 18 from the ROM 19
and written to the corresponding storage area of the
memory 21.

Moreover, more than two kinds of change border
data may be used; i.e., more than two levels of resolu-
tions may be used. In this case, for example, a 4-input
selector is employed as the selector 14, instead of the
2-input selector. Further, 4 change border memories,
which store the values 1y, 25, 35 and 4y indicated by
the change border data CB, respectively, are provided
in the process control circuit 3.

In this case, 6 specific value comparators 22 are fur-
ther provided in the process control circuit 3. Two of
the comparators 22 are used to determine whether the
input data ID is greater than 70 and less than 904, two
other of the comparators 22 are used to determine
whether the input data ID is greater than 60x and less
than AOg, and two other of the comparators 22 are
used to determine whether the input data ID is greater
than $0g and less than BOg. When data indicated by a
detection signal representing a logical sum of the results
of the determination effected by the comparators 22 is
1113, the change border data CB indicating 1 is se-
lected. Note, a subscript prefers to a binary number and
denotes that a numerical value, having the subscript p
written at the right side there of, is a binary value. The
subscript g, however, will be omitted hereinafter. Fur-
ther, when the data indicated by the detection signal is
011, the change border data CB indicating 2y is se-
lected, when the data indicated by the detection signal
is 001, the data CB indicating 3y is selected, and when
the data indicated by the detection signal is 000, the data
CB indicating 47 is selected. In this case, the data indi-
cated by the detection signal is decoded, and thus 11, 10,
Ol and 00 are obtained as the result of the decoding of
111, O11, 001 and 000, respectively. |

FIGS. 3 and 4 show a change of the resolution to be
used for detecting a change of the input data ID from
the volume control device V3. When the input data ID
from the device V3 changes to 80y, which is the specific
value indicated by the data SD, the resolution has a
small value 1g, and where the input data changes from
or does not equal 804, the resolution has a larger value
2y. As illustrated in FIG. 3, the input data ID from each
of the volume control devices Vi, V3, ... V, ranges
from OOgto FFy. Further, the middle value 80 is the
specific value indicated by the data SD corresponding
to the volume control device V3,

If the power is turned on at the time t1 shown in FIG.
4, the change border data CB indicating 2gis set by the
CPU 18 in the change border memory 15, and the data
CB indicating 1xis set in the memory 16. If none of the
volume control devices is operated, the new input data
IDn from the A/D converter 2 is 80 and the old input
data IDo from the buffer memory 125 is OOy, and
therefore, the change quantity data CV becomes a very
large value of 804, and thus the change event signal CI
1s output from the change quantity comparator 13. Also,
the input data indicating 804 is set in the buffer memory
12 and is further input to the musical tone control cir-
cuit 17, whereupon the process of changing the musical
tone is performed in accordance with the value 80g.
Note, in practice, the process of changing the musical
tone 1s not performed, because 80 is the input data ID
when none of the volume control devices Vy, Vs, . . .
V1S operated.
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Subsequently, the volume control device V3 is oper-
ated at the time t2, so that the new input data IDn be-
comes equal to 82y, and at that time, the old input data
IDo 1s equal to 80y. Therefore, the change quantity
data CV becomes equal to 2y, i.e., equal to the current
value 2z of the change border data CB from the change
border data memory 15. Accordingly, the change event
signal CI is output from the change quantity compara-
tor 13, and therefore, the input data IDn indicating 82y
is input to the buffer memory 12 and to the musical tone
control circuit 17, whereupon the process of changing
the musical tone (e.g., the process of adding the phase
angle step data to the pitch data) is performed in accor-
dance with the value 82H indicated by the input data
IDn.

Thereafter, if the change quantity data CV indicating
the difference of the new input data IDo from the old
input data IDn is equal to or more than 2 at the times
t3, 14, or . . ., the process of changing the musical tone
(e.g., the process of adding the phase angle step data to
the pitch data) is similarly performed in accordance
with the value indicated by the input data IDn, and in

addition the new input data IDn is input to the buffer
memory 12.

As described above, the resolution to be used for the
detection of the change of the input data is usually that
having the larger value (i.e. 2g), and thus the process of
changing the musical tone in accordance with the input
data 1s not performed unless the change of the input data
ID is equal to or more than 2.

As 1llustrated in FIG. 4, the value indicated by the
old input data IDo and that indicated by the new input
data IDn become 81H and 80H at the time t7, respec-
tively, and at that time, a coincidence signal is output
from the specific value comparator 22, and further, an
output of the selector 14 is switched to the other value
(1.e., the smaller value 1g) indicated by the change bor-
der data CB, which is then input to the change quantity
comparator 13. The change quantity data CV output
from the change quantity detector 11 to the comparator
13 becomes equal to 1y, and thus, the change quantity
comparator 13 outputs the change event signal CI. Ac-
cordingly, the new input data IDn is set in the buffer
memory 12 and input to the musical tone control circuit
17, whereupon the processing of a change of the musi-
cal tone is effected in accordance with the value 80z,

As described above, when the input data ID becomes
equal to 80y, the value of the resolution is changed to
the smaller value 14. Namely, the detection of change

of the input data ID is performed by using the small
resolution.

Namely, the detection of change of the input data ID
can be performed by using the small resolution only
when the input data ID becomes equal to 80z, and
accordingly, the detection of change of the input data
ID can be effected by using a small resolution only in
the vicinity of a desired value indicated by the input
data ID. Further, in the other range of the value indi-
cated by the input data ID, the detection is performed
by using a larger resolution, and thus an efficient detec-
tion of the change of the input data can be ensured.

FIG. § shows a second embodiment of the present
invention. In this embodiment, input data ID output
from a volume control device through an A/D con-
verter 2 is input to a data converter 23, whereupon the
input data ID is converted into conversion input data
CID in accordance with a translation table as shown in
FIG. 6A. Namely, the input data having a value of from
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OOy to 79y i1s unchanged, but the input data 80y is
converted into 81y, and further, the values 81y, . .. and
FF g of the input data are converted to 83y, . . . and
101y, respectively. Accordingly, a rate of the change 1n
the conversion input data, i.e.,, a gradient of a curve
representing the conversion input data, is equal to 1 1n
the range of values OOy-79 and 81 4-FF g of the input
data ID, and the gradient becomes equal to 2 in the
vicinity of the value 80 of the input data ID.

The conversion input data CID is output from the
data converter 23 to a change comparator 24, as new
input data IDn, and to a buffer memory 12 which stores
the conversion input data. Thereafter, the data CID
stored in the buffer memory 12 is output therefrom to
the change comparator 24, as old conversion input data
CIDo. The comparator 24 outputs the change event
signal CI if the new conversion input data CIDn is not
equal to the old conversion input data CIDo (i.e., the
new conversion input data CIDn has a different value
from that of the old conversion data CIDo), and this
change event signal CI is input to the buffer memory 12,
which fetches the conversion input data CID in re-
sponse to the signal CI. Further, the signal CI is input to
a musical tone control circuit 17, whereupon the pitch
data and the timbre data are changed in accordance
with the input data ID. In addition, the pitch data and
the timbre data may be changed in accordance with the
conversion input data CID input from the data con-
verter 23.

Note, 1n the comparator 24, data represented by bits

. of the old conversion input data CIDo other than the
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lowest order bit thereof is compared with data repre-
sented by bits of the old conversion input data CIDn
other than the lowest order bit thereof, and a signal, is
output from the comparator 24 as the change event
signal CI representing a logical sum of data represented
by a detection signal indicating that the old conversion
input data CIDo is greater than the new conversion
input data CIDn and data represented by another detec-
tion signal indicating that the data CIDo is less than the
data CIDn. The reason why the lower order bit of each
of the data CIDo and CIDn is excluded from the com-
parison is that, as in the first embodiment, to change the
resolution of detected change of the input data, it is
necessary to determine whether or not the change of
the mput data, i.e., the difference between the new
conversion input data CIDn and the old conversion
input data CIDo, is equal to or more than 2x. Further,
as in case of the first embodiment, the input data 794,
80;7and 81)7are converted by the data converter 23 into
the conversion input data 79, 81y and 83y, respec-
tively. Therefore, when the value indicated by the input
data ID is equal to 80y, the change event signal CI is
output from the change comparator 24 and the process
of changing the musical tone is performed, even though
the actual change in the input data (i.e., the difference
between the new conversion input data 80z and the old
conversion input data 79z or 81y) is 1.

Namely, the detection of a change of the input data
can be performed by using a small resolution only when
the input data ID is 80y, and further, when the input
data is not 80y, the detection is performed by using a
larger resolution, and accordingly, an efficient detec-
tion of a change of the input data ID can be made. In
this case, the detection is performed by using the small
resolution not only when the input data ID changes
toward 80y but also when the input data ID changes
away from 80y Moreover, by employing the data con-
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verter 23 using a translation table, as in this embodi-
ment, the construction of a circuit for changing the
resolution when detecting a change of the input data ID
can be simplified.

Note, in this embodiment preferable conversion char-
acteristics of the data converter 23, i.e., contents of the
translation table, other than as illustrated in FIG. 6A
may be employed. Namely, as illustrated in FIG. 6B,
the range of values of the input data ID, in which a

small resolution is used for the detection of a change of 10

the input data ID, can be expanded, and a plurality of
resolutions can be employed for the detection. Note,
this embodiment is also similar to the first embodiment
in other aspects thereof.

FIG. 7 shows a third embodiment of the present
invention. This embodiment 1s devised by modifying the

second embodiment such that a detection of a change of

input data ID output from volume control devices Vi,
V2, ... Vycan be made. The input data ID, which is
output from each of the volume control devices
through a multiplexer 1 and an A/D converter 2 in the
time sharing manner, is input to and then converted by
a number of data converters 23, equal to the number n
of the volume control devices Vi, Vi, ... V,.

15
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Further, data which i1s the same as the selection data 25

SL mnput to the multiplexer 1 is decoded by a decoder
25 and then input to each of the converters 23. As de-
scribed above, the number of the data converters 23 is n,
and thus a binary-to-n-ary decoder (i.e., a binary-to-n-
adic decoder) 1s employed as the decoder 25. Further, a
decode signal representing the thus-decoded data is
input to each of the converters 23 as an enable signal.
Moreover, a buffer memory 12 is made up of a RAM
having a plurality of addresses, and data which is the
same as the selection data SL input to the multiplexer 1
is input to the buffer memory 12 as address data. In
addition, a change event signal CI is output from a
change comparator 24 to the buffer memory 12 as a
write instruction signal.

Therefore, in this embodiment, the resolution for
detecting a change of the input data can be changed by
performing a channel synchronization of the plurality of
the volume control devices V, V9, ... V,. Further, this
embodiment 1s similar to the second embodiment in
other aspects thereof.

Next, a fourth embodiment of the present invention
will be described with reference to FIGS. 8-10. In this
embodiment, the process of changing the resolution
used for the detection of a change of the input data ID
output from each of volume control devices Vi, Vs, . .
. Vpis performed by executing a processing program by
a CPU 31.

Note, 1n this embodiment, the volume control devices
Vi1, Va, ...V, amultiplexer 1, an A/D converter 2, and
a musical tone control circuit 17 are the same as those
employed in the first embodiment. The selection data
SL is output from a selection counter 32 to the multi-
plexer 1, to thereby select one of the volume control
devices V1, Vi, ... V,, and further, the content of the

selection counter 32 i1s incremented by the CPU 31.
- Change border data CB 1s stored in a change border
data memory 33. Further, when change quantity data
CV indicating the difference between old input data
IDo output from a buffer memory 34 and new input
data IDn output from the A/D converter 2 is greater
than the change border data CB, a change event signal
is output from the CPU 31. This change event signal CI,
as well as a signal indicating the new input data IDn, 1s
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sent to the musical tone control circuit 17, whereupon
the process of changing the musical tone is effected in
accordance with the new input data IDn. This new
input data IDn is written to a buffer memory 34 in
response to the change event signal CI, which acts as
write instruction signal, and thereafter, the data IDn is
output therefrom to the CPU 31 as old input data IDo.
The buffer memory 34 is composed of a RAM and
stores the old input data IDo corresponding to each of
the volume control devices Vi, Vy, . .. V, at storage
areas thereof, to which an address is assigned.

Specific value data SD corresponding to each of the
volume control devices Vi, Vi, ... Vpis stored 1n a
specific value data memory 35. The specific value data
SD indicates the value of the input data ID at the time
of detecting a change of the input data by using a small
resolution, as described above. When the new input
data IDn sent from the A/D converter 2 becomes equal
to the specific data SD sent from the specific value data
memory 35, the value of the change border data CB
stored in the change border data memory 33 is changed
to a small value, and thus the detection of change of the
input data ID is performed by using a small resolution.

The selection data SL is output from the selection
counter 32 to the buffer memory 34 and the specific
value data memory 38 as address data, thereby perform-
ing a channel synchronization for the plurality of vol-
ume control devices Vi, Vi, ... V,. Further, the change
border data memory 33 stores the change border data
CB which may indicate values corresponding respec-
tively to the volume control devices Vi, Va, ... V. In
this case, the change border data memory 33 i1s made up
of a RAM and stores the values indicated by the change
border data CB corresponding respectively to the vol-
ume control devices Vi, Vi, . .. V,, at storage areas
thereof to which an address 1s assigned. Further, the
selection data SL is also output from the selection
counter 32 to the change border data CB, as address
data.

Various processing programs to be executed by the
CPU 31, the specific value data SD to be written to the
specific value data memory 3§, the change border data
to be written to the change border data memory CB,

and so on, are stored in a ROM 36. When the power is

turned on, the CPU 31 clears the change border data
memory 33, the buffer memory 34, and the specific
value data memory 35, and increments the content of
the selection counter 32. Then, the specific value data
SD read from the ROM 36 is sequentially written to the
specific value data memory 35, and various intermedi-
ary process data, etc., are stored in 2a RAM 37.

FIG. 9 shows a flowchart of a program used for the
process of fetching the input data ID performed by the
CPU 31.

As shown in this flowchart, first the selection counter
32 is reset in step S1, and the program advances to step
2, whereupon the multiplexer 1 fetches the input data
ID from the volume control device selected in accor-
dance with the selection data SL output from the selec-
tion counter 32. Then, the program goes to step S3,
whereupon the process of detecting a change of the
thus—fetched input data ID is effected. Next, the pro-
gram advances to step S4, whereupon the content of the
selection counter 32 1s incremented by 1, and thereafter,
the processes effected in steps 1-4 are also performed on
the data input from all of the other volume control
devices. If the content of the selection counter 32 ex-
ceeds the value indicating the last volume control de-
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vice (i.e., the processes effected in steps 1-4 are per-
formed on the input data from all of the volume control
devices), the program leaves step 5 via the YES branch
and advances to the next job step.

FIG. 10 shows a flowchart illustrating in detail the

practical content of the process performed in step 3 of
FIG. 9.

As tllustrated in FIG. 10, in step S11, the old input
data IDo is read from a storage area, which has an
address indicated by the address data output from the
- selection counter 32, of the specific value data memory
35, and is then fetched by the CPU 31. Next, the pro-
gram goes to step S12 and it is determined whether or
not the new input data IDn is equal to the specific value
data SD. If the new input data IDn is equal to the data
SD, the program leaves step S12 via the YES branch
and advances to step S13, whereupon the change bor-
der data CB indicating the value 1xis set in the change
border data memory 33. In contrast, if the new input
data IDn 1s not equal to the data SD, the program leaves
step S12 via the NO branch and advances to step S14,
whereupon the change border data CB indicating the
value 2xi1s set in the change border data memory 33.

Next, in step S15, the old input data IDo is read by
the CPU 31 from a storage area, which has an address
indicated by the address data output from the selection
counter 32, of the buffer memory 34. Then, the program
goes to step S16 and the CPU determines the change in
the quantity data CV, which indicates the difference
between the old input data IDo and the new input data
IDn from the A/D converter 2, by first comparing the
new input data IDn with the old input data IDo, and
then subtracts the smaller of the data IDo and the data
IDn from the other thereof to obtain the absolute value
of the difference between the data IDo and the data
IDn. -

Subsequently, in step S17, it is determined whether or
not the change quantity data CV is greater than the
change border data CB output from the change border
data memory 33. If the data CV is greater than the data
CB, the change event signal CI and a signal indicating
the new input data IDn are output from the CPU 31 to
the musical tone control circuit 17 at step S18, where-
upon the process of changing the musical tone is per-
formed in accordance with the new input data IDn.
Further, the program then goes to step S19 and the new
input data IDn is written to a storage area, which has an
address indicated by the address data sent from the
selection counter 32, of the buffer memory 4.

As described above, when the input data ID becomes
equal to the data SD, the value indicated by the change
border data CB is changed from 2gto 1xin steps S11 to
S14, and as a result, the detection of a change of the
input data ID is effected by using a small resolution
corresponding to this smaller value 1z of the change
border data ID 1n steps S15 to S19.

Therefore, the detection of change of the input data
can be performed by using a small resolution only when
the input data ID is equal to the specific value data SD.
Namely, only where the input data ID is in the vicinity
of a desired value is the detection of a change thereof
effected by using a small resolution. In other cases, the
detection 1s performed by using a larger resolution.
Accordingly, an efficient detection of a change of the
input data ID can be made. In other respects, this em-
bodiment is similar to the first embodiment.

F1G. 11 shows a flowchart of an alternative process
performed instead of steps S11 to S14 of FIG. 10 when
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three values 1y, 27and 3y are used as the change border
data CB, and accordingly, the resolution to be used for
the detection of a change of the input data has three
levels.

As shown in FIG. 11, the value indicated by the
change border data CB is 1y if the input data ID is
greater than 75 and is less than 85y; the value indicated
by the data CB is 2 if the data ID is greater than 70
and is less than 90; and the value indicated by the data
CB is 3y if the data ID is less than or equal to 705 and
1s greater than or equal to 904.

Further, as illustrated in FIG. 11, first it is determined
in step S21 whether or not the input data ID is greater
than 70x and is less than 904. If not, the value 3 1s set
in the change border data memory 33 as the change
border data CB in step S25. In contrast, if the new input
data IDn is greater than 70y and is less than 90y, it is
further determined in step S22 whether or not the new
input data IDn is greater than 75z and is less than 854.
If not, the value 2y 1s set in the memory 33 as the data
CB in step S24. Further, if the new input data IDn is
greater than 75 and is less than 85y, the value 1xis set
in the memory 33 as the data CB in step S23.

Therefore, where the value indicated by the input
data ID is within a predetermined range thereof, a plu-
rality of values of the resolution can be used in the
detection of a change of the input data ID. In other
respects, this embodiment employing the process of
FIG. 11 is similar to the first embodiment.

F1G. 12 shows a flowchart illustrating an operation
of a fifth embodiment of the present invention, which is
obtained by modifying the fourth embodiment thereof.
In this embodiment, the specific value data memory 35
1s omitted, and further, the resolution to be used for the
detection of a change of the input data ID output from
a specific volume control device V is changed from 2y
to 15 when the input data ID becomes equal to the
minimum value OOy, the maximum value FF g and the
central value 804.

As shown in FIG. 12, first it 1s determined in step S31
whether or not new input data IDn is equal to the mini-
mum value OO g or the maximum value FF . If the data
IDn is equal to the minimum value or the maximum
value, the value 1z1s set in the change border memory
33 as the change border data CB in step S34, and if the
data IDn 1s not equal to the minimum value or the maxi-
mum value, the value 24 is set in the memory 33 as the
data CB 1n step S34.

Next, it i1s determined in step S32 whether or not a
volume control device outputting input data in which a
change is currently detected is the specific volume con-
trol device V outputting the input data in which the
change 1s detected by using a small resolution at the
central value 80H. To facilitate this determination, the
volume control devices V may be arranged in even-
numbered positions as shown in FIG. 8, or arranged
together at the end of a row of the volume control
devices Vi, V3, ... V, In such a case, the determination
is made in accordance with the lowest order bit of the
selection data SL output from the selection counter 32,
or is based on whether the value indicated by high order
bits of the selection data is more than or equal to a
predetermined value.

Subsequently, it is determined in step S33 whether or
not the new input data IDri is equal to the central value
80y. If the data IDn is equal to the central value, the
value 1g1is set in the change border data memory 33 as
the change border data CB in step S34, and if the data
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IDn is not equal to the central value, the value 2y is set
in the memory 33 as the data CB in step S35. Note, as
apparent from a comparison of FIG. 12 and FIG. 10,
steps S36-S40 are respectively equivalent to the steps
S15-S19 in the forth embodiment.

Accordingly, the resolution to be used for the detec-
tion of a change of the input data ID can be changed
only for the input data ID from a specific volume con-
trol device V, and further, the specific value data mem-
ory 38 provided in the fourth embodiment can be omit-
ted. In other respects, this embodiment is similar to the
fourth embodiment.

FIGS. 13 to 15 show a sixth embodiment of the pres-
ent invention. This embodiment is obtained by adding a
data converter 23 and a decoder 25 as provided in the
third embodiment of FIG. 7 to, and removing the
change border data memory 33 and the specific value
data memory 35 from, the circuit of the fourth embodi-
ment of FIG. 8. In the data converter 23, the input data
ID input thereto is converted into conversion input data
CID as illustrated in FIG. 6. Further, the conversion
input data CID is written by a CPU 31 to a buffer mem-
ory 34 and is later output therefrom to the CPU as old
conversion input data CIDo. Furthermore, selection
data SL output from a selection counter 32 is decoded
by the decoder 25, and the decoded data then input to
the data converter 23. Note, it 1s assumed that the num-
ber of data converters 23 is n. Namely, a binary-to-n-ary
decoder is employed as the decoder 25, which outputs a
decode signal to each of the converters 23 as an enable
signal.

Further, in the CPU 31, the processes illustrated in
FIGS. 9, 14 and 15 are performed. FIGS. 14 and 15 are
flowcharts illustrating the content of the process ef-
fected in step S3 of FIG. 9, in detail. Note, in this case,
“Input data ID” should be read as “conversion input
data CID” in step S3 of FIG. 9.

As shown in FIG. 14, first the old conversion input
data CIDo is read from the buffer memory 34 1n accor-
dance with the address data output from the selection
counter 32 in step S41, and then new input data IDn
output from the data converter 23 is compared with this
conversion old input data IDo in step S42. If the data
CIDn 1s not equal to the data CIDo (1.e., the data CIDn
is different from the data CIDo), a signal representing
the data CIDn, as well as a change event signal CI, 1s
output from the CPU 31 to a musical tone control cir-
cuit 17, which changes the pitch data and the timbre
data in accordance with the data CID, in step S43. The
pitch data and the timbre data may be changed in accor-
dance with mput data ID output from an A/D con-
verter 2. The program then goes to step S44 and the
signal representing the data CIDn, as well as the change
event signal CI, is input to the buffer memory 34, which
then stores the data CIDn as old conversion input data
CIDo.

In this case, the comparison between the data CIDo
and the data CIDn made in the step S42 is practically
effected by using data represented by bits of the data
CIDo other than the lowest order bit and data repre-
sented by bits of the data CIDn other than the lowest
order bit. The reason why the lowest order bit of each
of the data CIDo and CIDn is practically excluded from
the comparison is that, as in the first embodiment, when
changing the resolution for detecting a change of the
conversion input data, it is necessary to determine
whether or not the change of the conversion input data,
i.e., the difference between the new conversion input
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data CIDn and the old conversion input data CIDo, is
equal to or more than 2g. Further, as in case of the first
embodiment, the input data 79y, 80y, and 81 are con-
verted by the data converter 23 into the conversion
input data 79y, 81y, and 83y, respectively, and there-
fore, when the value indicated by the input data ID is
equal to 80y, the process of changing the musical tone
is performed even though the actual change in the input
data ID (i.e., the difference between the new conversion
input data 80z and the old conversion input data 79z or
81p)1s 1.

Therefore, the detection of a change of the input data
ID can be performed by using a small resolution only
when the input data ID is 80y. Further, when the input
data is not 80y, the detection is performed by using a
larger resolution, and thus an efficient detection of a
change of the input data ID can be made. In this case,
the detection is performed by using the small resolution
not only when the input data ID changes toward 80y
but also when the input data ID changes away from
80;.

Therefore, the construction of a circuit for changing
the resolution for detecting a change of the input data
ID can be simplified by employing the data converter
23 using a translation table, as in this embodiment. In
other respects, this embodiment is similar to the fourth
embodiment.

FIG. 15 shows a flowchart of another program ob-
tained by modifying the program illustrated in FIG. 14.
In the process of FIG. 15, first the old input data IDo is
read by the CPU 31 from a storage area, which has an
address indicated by the address data output from the
selection counter 32, of the buffer memory 34 in step
S§1. Then, the program goes to step S52 and the CPU
determines the difference between the old conversion
input data CIDo and the new conversion input data
CIDn by subtracting the smaller one of the data IDo
and the data IDn from the other, to thereby obtain the
absolute value of the difference between the data IDo
and the data IDn.

Then, in step S83, it is determined whether or not the
difference between the old conversion input data CIDo
and the new conversion input data CIDn is greater than
the value 2gindicated by the change border data CB. If
this difference is greater than the data CB, the process
as effected in steps S43 and S44, in accordance with the
data CID, is performed in steps S54 and SS5.

Therefore, in the embodiment employing the process
of FIG. 15, it becomes relatively easy to change the
change border data CB. In other respects, this embodi-
ment is similar to the fourth embodiment.

Although preferred embodiments of the present in-
vention have been described above, 1t 1s understood that
the present invention is not limited thereto and that
other modifications will be apparent to those skilled in
the art without departing from the spirit of the inven-
tion. For example, the data ID input to the specific
value comparator 22 of FIG. 1 may be replaced by the
old input data IDo output from the buffer memory 12,
and therefore, even when the input data ID is changed
from the 80y indicated by the specific value data SD,
the value of the resolution to be used for the detection
of a change of the input data ID can be changed to a
small value 1. Further, when the input data ID be-
comes equal to the specific value data SD, the resolu-
tion may be increased. Furthermore, digital data di-
rectly input from a counter, which is worked by operat-
ing an up-key or a down-key, other than the digital data



5,293,311

17

converted from the analog input data may be used as the
input data ID, and data input from external equipment
or data obtained by further processing the data ID may
be used as the input data for which a change is to be
detected.

The scope of the present invention, therefore, is de-
termined solely by the appended claims.

The invention being thus described, it will be obvious
that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifica-
tions as would be obvious to one skilled in the art are
intended to be included within the scope of the follow-
ing claims.

I claim:

1. An apparatus for changing a resolution value of
input musical data in an electronic musical instrument,
comprising: |

old input musical data storing means for storing old

input musical data previously input thereto;

change quantity calculating means for calculating a

quantity of a change of input musical data, newly
input thereto and old input musical data received
from said old input musical data storing means;

change border data generating means for generating a

plurality of change border data each having a dif-
ferent value and representing the resolution value
of the input musical data;
first determining means for determining if the quan-
tity of a change of input data calculated by said
change quantity calculating means is not less than a
value of one of the change border data received
from said change order data generating means;

input musical data processing means for effecting
predetermuned musical process according to the
change of input musical data, on the basis of the
determination of said first determining means;

second determining means for determining whether
the value indicated by input musical data is equal to
at least one predetermined value; and

change border data changing means for changing the

value of the change border data to that of another
one of the change border data generated by said
change border data generating means, on the basis
of the determination of said second determining
means, and changing the resolution value of the
input musical data to the predetermined value.

2. The apparatus for changing the resolution of input
musical data as set forth in claim 1, wherein said change
border data generating means generates more than two
change border data each having a different value for
each 1input musical data.

3. The apparatus for changing the resolution value of
input musical data as set forth in claim 1, wherein said
second determining means determines whether the
value indicated by the new input musical data is equal to
the predetermined value.

4. The apparatus for changing the resolution value of
input musical data as set forth in claim 1, wherein said
determining means determines whether the value indi-
cated by the old input musical dat is equal to the prede-
termined value.

3. The apparatus for changing the resolution value of
input musical data as set forth in claim 1, wherein said
determining means determines whether the value indi-

cated by the new input musical data is in a predeter-
mined range of values.
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6. The apparatus for changing the resolution value of
input musical data as set forth in claim 1, wherein said
determining means determines whether the value indi-
cated by the old input musical data is in a predetermined
range of values.

1. The apparatus for changing the resolution value of
input musical data as set forth in claim 1, wherein said
change border data changing means changes the value
of the change border data to that of another smaller
value of the change border data generated by said
change border data generating means, and changes the
resolution value of the input musical data to a large
resolution value.

8. The apparatus for changing the resolution value of
input musical data as set forth in claim 1, wherein said
change border data changing means changes the value
of the change border data to that of another one of the

‘change border data generated by said change border

data generating means, only when the input musical

0 data is a part of a plurality of groups of input musical
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data.

9. The apparatus for changing the resolution value of
input musical data as set forth in claim 1, wherein said
old input musical data storing means, said change quan-
tity calculating means, said first determining means, said
input musical data processing means, said second deter-
mining means, and said change border data changing
means process a plurality of groups of input musical
data and change border data.

10. An apparatus for changing the resolution value of
input musical data in an electronic musical instrument,
comprising:

converting means for converting input musical data

into conversion input musical data, wherein a rate
of a change of the conversion input musical data
when the input musical data is at least one predeter-
mined value is different from that of the rate of
change of the conversion input musical data when
the input musical data is not the predetermined
value, and changing a resolution value of the input
musical data to the predetermined value;

old input musical data storing means for storing old

conversion input musical data previously output
thereto from said converting means;

comparing means for comparing the old conversion

input musical data output from said old input musi-
cal data storing means with new conversion input
musical data newly output from said converting
means; and

input musical data processing means for effecting a

predetermined musical process according to the
change of the input musical data input to said con-
verting means or the new conversion input musical
data output from said converting means, on the
basis of the comparison by said comparing means.

11. The apparatus for changing the resolution value
of input musical data as set forth in claim 10, wherein
said converting means employs more than two values as
the value of the rate of a change of conversion input
musical data.

12. The apparatus for changing the resolution value
of input musical data as set forth in claim 10, wherein
the predetermined value in said converting means is
plural ranges of the predetermined value.

13. The apparatus for changing the resolution value
of input musical data as set forth in claim 10, wherein
said converting means converts input musical data into
conversion input musical data, wherein a rate of a
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change of the conversion input musical data when the
input musical data is at least one predetermined value is
different from that of a change of the conversion input
musical data when the input musical data is not the
predetermined value, only when the input musical data
1s a part of a plurality of groups of input musical data.
14. The apparatus for changing the resolution value
of input musical data as set forth in claim 10, wherein
said converting means converts input musical data into
conversion input musical data, wherein a rate of a
change of the conversion input musical data when the
input musical data is at least one predetermined value is
larger than that of a change of the conversion input
musical data when the input musical data is not the
predetermined value, and changes the resolution value
of the input musical data to a large resolution value.
13. The apparatus for changing the resolution value
of input musical data as set forth in claim 10, wherein
said converting means converts input musical data into
conversion input musical data, wherein a rate of a
change of the conversion input musical data when the
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input musical data is at least one predetermined value is -

smaller than that of a change of the conversion input
musical data when the input musical data is not the
predetermined value, and changes the resolution value
of the input musical data to a small resolution value.

16. The apparatus for changing the resolution value
of input musical data as set forth in claim 10, wherein
said input musical data processing means effects the
predetermined musical process according to the change
of the input musical data or the new conversion input
musical data, when the comparison effected by said
comparing means indicate that the difference between
the old conversion input musical data output from said
old conversion input musical data storing means and the
new conversion input musical data newly output from
said converging means is equal to or more than a preset
value.

17. The apparatus for changing the resolution value
of input musical data as set forth in claim 10, wherein
said converting means, said ald input musical data stor-
ing means, said comparing means, and said input musi-
cal data processing means process a plurality of groups
of input musical data.

18. A method for changing a resolution value of input
musical data in an electronic musical instrument, com-
prising the steps of:

(a) storing old input musical data previously input

thereto;

(b) calculating a quantity of a change of input musical
data, newly input thereto and old input musical
data stored in said step (a);

(c) generating a plurality of change border data each
having a different value and representing the reso-
lution value of the input musical data:

(d) determining the quantity of a change of the input
data calculated in said step (b) is not less than a
value of one of the change border data generated in
said step (c);

(e) effecting predetermined musical processing ac-
cording to the change of input musical data, on the

basis of the determination effected in said step of

(d);

(f) determining whether the value indicated by input
musical data is equal to at least one predetermined
value; and

(g) changing the value of the change border data to
that of another one of the change border data gen-
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erated 1n said step (c), on the basis of the determina-
tion effected in said step (f), and changing the reso-
lution value of the input musical data at the prede-
termined value.

19. The method for changing the resolution value of
input musical data as set forth in claim 18, wherein said
step (c) generates more than two change border data,
each having a different value for each input musical
data. |

20. The method for changing the resolution value of
input musical data as set forth in claim 18, wherein said
step (f) determines whether the value indicated by the
new input musical data is equal to the predetermined
value.

21. The method for changing the resolution value of
input musical data as set forth in claim 18, wherein said
step (f) determines whether the value indicated by the
old input musical data is equal to the predetermined
value.

22. The method for changing the resolution value of
input musical data as set forth in claim 18, wherein said
step (f) determines whether the value indicated by the
new output musical data is equal to the predetermined
value.

23. The method for changing the resolution value of
input musical data as set forth in claim 18, wherein said
step (f) determines whether the value indicated by the
old input musical data is in a predetermined range of
values.

24. The method for changing the resolution value of
input musical data as set forth in claim 18, wherein said
step (e) changes the value of the change border data to
that of another smaller value of the change border data
generated in said step (c), and changes the resolution
value of the input musical data to a large resolution
value.

25. The method for changing the resolution value of
input musical data as set forth in claim 18, wherein said
step (e) changes the value of the change border data to
that of another one of the change border data generated
in said step (c), only when the input musical data is a
part of a plurality of groups of input musical data.

26. The method for changing the resolution value of
input musical data as set forth in claim 18, wherein said
steps (a), (b), (d), (e), (f) and (g) a plurality of groups of
input musical data and change border data are pro-
cessed.

27. A method for changing the resolution value of
input musical data in an electronic musical instrument,
comprising the steps of:

(a) converting input musical data into conversion
input musical data, wherein a rate of a change of
the conversion input musical data when the input
musical data is at least one predetermined value is
different from that of a change of the conversion
input musical data when the input musical data is

- not the predetermined value, and changing the
resolution value of the input musical data at the
predetermined value;

(b) storing old conversion input musical data previ-
ously converted thereto in said step (a);

(b) comparing the old conversion input musical data
stored in said step of (b) with new conversion input
musical data newly converted in said step (a); and

(d) effecting a predetermined musical process accord-
ing to the change of the input musical data input in
said step (a) or the new conversion input musical
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data converted in said step (a), on the basis of the
comparison effected in said step (c).

28. 'The method for changing the resolution value of
input musical data as set forth in claim 27, wherein said
step (a) more than two values are employed as the value
of the rate of change of conversion input musical data.
~ 29. The method for changing the resolution value of
~ mmput musical data as set forth in claim 27, wherein the
predetermined value in said step (a) is plural ranges of
the predetermined value.

30. The method for changing the resolution value of
input musical data as set forth in claim 27, wherein said
step (a) converts input musical data into conversion
input musical data, wherein a rate of a change of the
conversion input musical data when the input musical
data is at jeast one predetermined value is different from
that of a change of the conversion input musical data
when the input musical data is not the predetermined
value, only when the input musical data is a part of a
plurality of groups of input musical data.

31. The method for changing the resolution value of
input musical data as set forth in claim 27, wherein said
step (a) converts input musical data into conversions
input musical data, a rate of a change of the conversion
input musical data when the input musical data is at least
one predetermined value is larger than that of a change
of the conversion input musical data when the input
musical data is not the predetermined value, and
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changes the resolution value of the input musical data to
a large resolution value.

32. The method for changing the resolution value of
input musical data as set forth in claim 27, wherein said
step (a) converts input musical data into conversion
input musical data, wherein a rate of a change of the
conversion input musical data when the input musical
data is at least one predetermined value is smaller than
that of a change of the conversion input musical data
when the input musical data is not the predetermined
value, and change the resolution value of the input
musical data to a small resolution value.

33. The method for changing the resolution value of
input musical data as set forth in claim 27, wherein said
step (d) effects the predetermined musical process ac-
cording to the change of the input musical data or the
new conversion input musical data, when the compari-
son effected in said step (c) indicates that the difference
between the old conversion input musical data stored in
said step (b) and the new conversion input musical data
newly converted in said step (a) are equal to or greater
than a present value.

34. The method for changing the resolution value of
input musical data as set forth in claim 27, wherein said
steps (a), (b), (c) and (d) a plurality of groups of input

musical data are processed.
¥ %X %X *x x
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